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(54) Metal Binder in Compaction of 
Metal Powders 

(57) A method for improving the 
compaction characteristics of a 
substantially non-compactible metal 
powder comprises the steps of 
preparing an alloy powder, for 



example a nickel base superalloy, 
minus a portion [e.g. 5 weight 
percent) of at least one component, 
and blending with it an amount of a 
different powder calculated to make 
up to the deficiency in the first powder 
composition. The mixture is then 
sinter bonded into a "cake", ground 
and compacted to obtain the desired 
article. Where the deficient metal is 
nickel, this can be made up by 
blending the powder with nickel 
carbonyl. Use of the method enables 
hard alloy powders to be compacted 
and sintered without the use of non- 
metallic binders. 
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SPECIFICATION 

Metal Binder in Compact! n f Metal Powders 

Thisinv ntion r lat s to the manufacture of powder m tallurgy articl s, and, more specifically to 
a method f producing finish d powder metallurgy articles without th use of organic bind rs in 
5 normally noncompactable alloy powders. Metal powder prepared by the method of this invention has 5 
unique engineering properties. 

In the art of powder metallurgy relating to this invention, there are three distinct methods of 
producing alloys and composite materials into powder metallurgy parts: Method I blending elemental 
metal powders to produce a final alloy; Method II mixing metal powders and metal compounds to 
1 0 produce bonded composites and Method III preparing a prealloyed powder to be processed into a 10 
finished alloy article. Method I is especially suited for relatively simple binary and ternary alloys, i.e., Ni- 
Cu and Ti-AI-V. Method II is especially suited for metal ceramics and metal-bonded compounds, i.e. 
thoriated tungsten and cobalt bonded tungsten carbide. Method III is especially suited for complex 
alloys (superalloys) for use in severe service conditions. 
1 5 Each of these methods, as noted above, is especially suited for a specific application and/or alloy 1 5 

system. Method I and Method II described above, generally require no special efforts to make the 
powders compactable when the powders are blended together. Method III, relating to prealloyed 
superalloys, is generally more difficult because each particle of the prealloyed powder is actually a 
miniature superalloy casting. The hardness and other inherent mechanical and physical properties of 
20 cast superalloys are especially resistant to the deformation and agglomeration characteristics as are 20 
required for metal powders to become readily compacted into articles. Because of this, prealloyed 
superalloys generally require additional complex processing together with the use of organic binders to 
effectively compact the powder into an article with sufficient green strength. Such binders include 
resins and waxes such as polyvinyl alcohol, cellulose, and similar organic materials. 
25 This invention is principally concerned with Method 111 relating to the compaction of superalloy 25 
powders by an improved process and the metal powder made by the process of this invention. 

The prior art provides a variety of methods to produce powder metallurgy articles. Many of the 
steps in the overall processing steps, as mentioned above, are found in prior art methods. 

U.S. Patent Nos. 3,914,507; 3,734,713 and 3,741,748 describe a process similar to Method II 
30 described above wherein platelets of metals are coated with disperoids by an attrition milling process. 30 

U.S. Patent 3,779,7 1 7 describes a method of mixing nickel carbonyl with tantalum scrap to 
obtain a master alloy having a high rate of solution in molten nickel. 

U.S. Patent No. 3,1 71,739 describes a method of adding carbonyl nickel into a melt of nickel- 
tungsten-chromium alloy to obtain a casting with improved resistance to lead oxide corrosion. 
35 U.S. Patent 2,936,229 discloses spray-welding alloy powders containing aluminium powder to 35 

improve the self-fluxing characteristics of the spray-welding alloy powders. 

U.S. Patent 3,723,092 discloses a process for making thoriated nickel by mixing thoria and 
carbonyl nickel powders and mechanically "alloy" the mixture in an attritor mill. Examples of more 
complex alloys are also discussed. 
40 The prior art patents described above discloses various methods of making elemental metal 40 

additions to metal products. These methods do not provide a solution to the problem of compaction of 
superalloys. 

All compositions, herein, are given in weight percent (w/o) unless otherwise stated. 
The term "superalloy" as used herein may be defined as an alloy for use in severe service 
45 conditions, for example, comprising a nickel, iron or cobalt base and may also contain chromium, 45 
tungsten, molybdenum and/or other elements, as exemplified by the alloys listed in Table 2. . 

The term "sinterbonding" as used herein describes the metallurgical bonding of a "soft" metal- 
bearing powder to a substantially noncompactable metal powder. 

From one aspect the present invention provides a method of making a metallic compact from a 
50 substantially noncompactable metal powder, comprising the steps of: providing a substantially 50 
noncompactable metal powder, blending said powder with a softer metal bearing powder, 
sinterbonding said blended powders; crushing said sinterbonded powders; and compacting said 
crushed powders. 

A preferred method includes the steps of: 
55 1 ) Melt the basic alloy composition minus a portion (for example 5%) of at least one relatively soft 55 

element as required in the final alloy; 

2) Make powder from the melt and, if required, mill th powder t desired particle size; 

3) Add the withheld portion (for xampl 5%) in the form of a "soft" pure m tal (i.e. metal 
carbonyl and blend) 

60 4) Sint rbond the blend (pref rably in vacuum and about 2000°F for 2 h urs) into a cak ; 60 

5) Crush cake to a convenient particle agglomerate size (i.e., —60 m sh); 

6) Add lubricant, if requir d f (for example, 0.5% Acrawax C) and blend; 

7) Fashion the crush d powder into d sir d shape (i.e. cold pressing tc); 

8) Further process as may be required for desir d articl . B nefrts of this invention are obtained in 
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steps 1) and 3). The withholding of a portion of at I astoner lativ lysoftelem nt during melting and 
the provision and metallurgical bonding of that portion (as "soft" metal) before compaction constitutes 
the gist f this invention. The sinterbonded powder, step 4) above, constitutes an articl of this 
invention. 

5 Fromanoth r aspect the inv ntionprovid sam tal powder mad from a method comprising the 5 

steps of providing a substantially noncompactable metal powder; blending said powder with a softer 
metal bearing powder sinterbonding said blended powder; and crushing said sinterbonded powder. 

Example 1 

An alloy was melted having an aim composition of 9 to 1 1% cobalt, 1 1 .5 to 13.5% iron, 25 to 
10 2796 chromium, 2.1 to 2.7% carbon, 9 to 1 1% each of molybdenum and tungsten up to 1% each of *10 
silicon and boron up to 0.75% manganese and the balance nickel. Said melt composition was 
calculated to have 5% less nickel than required in the final alloy. The melt ws atomized by an inert gas 
and screened to minus 30 mesh and then ball milled to an average Fisher size (determined by ASTM 
B330-65) of 9.0 microns. The milled powder was thoroughly blended with 5% carbonyl nickel powder 
1 5 then sinterbonded into a "cake" in vacuum at 1 950°F (1 065.5°C) for 2 hours. After cooling, the 1 5 

sinterbonded cake was crushed to minus 60 mesh agglomerates. The powder was then thoroughly 
blended with 0.5% atomised grade Acrawax C dry lubricant The powder was then compacted in the 
form of test specimens for testing. The product of this example is identified as No. 208 powder. 

An alloy identical in final composition to No. 208 powder was prepared as powder and processed 
20 by methods known in the art The powder was organically hindered with polyvinyl alcohol. This powder 20 
was also similarly compacted in the form of test specimens and is identified as No. 208P powder. 

Table 1 presents a comparison between No. 208 powder produced by this invention and No. 
208P powder made by prior art method. 

Table 1 shows the improved comparability of No. 208 powder compared to No. 208P powder. 

25 Note that the comparability of No. 208P powder at 50 Tsi ( 1 00,000 psi 70.3 x 1 0 5 g/cm 2 ) is almost 25 
identical to the compactability of No. 208 powder at only 30 Tsi (60,000 psi 42.2 x 1 0 5 gfcm 2 ). 

The standard Hall Flow test shows that the flow characteristic of No. 208P is nil while the flow 
characteristic of No. 208 powder is within an acceptable working range. This feature improves the 
reproducibility of part size through more uniform die fill. 

30 The transverse rupture green strength of 208 powder far exceeds the strength of 208P powder. 30 
Increases in the green strength and compactability of the process of this invention constitute a major 
improvement in the art of superalloy powder metallurgy. These major improvements in the art are 
realised without an anticipated reduction in sinterability characteristics. It would be expected that the 
substitution of a metal binder to replace an organic binder would increase the lower limit of 

35 sinterability range. However, test results shown in Table 1 show an unexpected improvement. The 35 
lower limit of sinterability (2170°F, 1 188°C) remains constant This improvement is realised whether 
the powder is sintered in vacuum or hydrogen atmosphere. 

Test results of sintered properties on No. 208 and No. 208P powders indicate both powders yield 
.sintered products with practically identical physical properties. However, sintered products of No. 208 
40 have much higher mechanical strengths as noted in Table 1 . 4 q 

Other advantages of the process yielding No. 208 powder over prior art No. 208P powder 
include: 

1 ) the cost of hindering No. 208 is about 40% less than the cost of hindering No. 208P. 

2) The rejection rate of scrap material was higher for No. 208P probably because of the higher 

45 green strength of No. 208 powder. 45 

3) The handing of No. 208 is less dusty than the handling of No. 208P. This feature is helpful in 
meeting certain OS HA requirements. 

4) Segregation is no problem in No. 208 because the particles are metallurgically bonded and f 
exist as uniformly blended agglomerates. 

50 5) The process of this invention appears to produce products essentially identical to prior art 50 

products in final form. The microstructure and X-ray analysis indicated no difference between the two 
products. 

The method of producing the initial prealloyed powder is not limited by the examples shown 
herein. The examples are described as the processes used in preparing the powders for the tests. The 
55 alloys were melted in an induction furnace and atomised in an inert gas atmosphere. Other means for 55 
preparing the initial powder mat rial may be equally effectiv . Lik wise, the initial powder need not b 
an alloy, and can be any substantially noncompactable metallic powd r. 

Through experimentation, it was found that crushed m tal particles tend to compact more 
effectively than "as atomised" particles. For xample, t st specimens made of atomised -325 m sh 
60 metal powder generally will have lower strength values than test sp cim ns of the same metal made 60 
by powder that was crushed to a similar— 325 m sh from a larger particl siz . To obtain optimum 
benefits from this invention, mill d powd rs are preferred as initial material. 
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Other Exampl s 

Table 2 lists the n minai composition of oth r alloys that w r t sted as examples of the pr c ss 
of this invention. Th s alloys are typical of superall ys that may b produced by the process of this 
invention. 

5 Th process f this invention was tested with a variety of test conditions. Table 3 present data 5 

obtained with the processing of Alloy N~6. The original melt was controlled to contain 5% less nickel 
. than desired in the final alloy. Three batches or prealloyed and milled powders were tested (A, B and C). 
The three batches were milled to contain -325 mesh particles at 51 .7%, 69.7% and 83.8% or the 
equivalent of an average Fisher particle size of 1 1 .6 /* 7,9 p. and 6.1 p respectively. 
1 0 Each batch was then blended incorporating 5% elemental nickel powder (Carbonyl grade). The 1 0 

average particle size after blending was 1 0.5 p, 7.4 p and 5.7 p respectively. 

Each of the batches was subsequently sinterbonded for two hours at three temperatures 1 800°F 
(982°C) and 1 900°F (1 055'C) and 2000°F (1111 °C). The effect of the sinterbonding at various 
temperatures is noted by the change in average particle size. For example Batch A powder blended 
1 5 with 5% elemental powder has an average Fisher particle size of 1 0.5 p. After sinterbonding at 1 800°F 1 5 
(982 °C) for 2 hours the average Fisher particle size was 1 2.2 p with an apparent particle growth of 

1.7 ytt. 

The sinterbonded and crushed powders were pressed into test samples at 50 tons per square 

inch ( 1 00,000 psi). The test samples had green density values (determined by ASTM B3 11-58) in 
20 percent of theoretical density, as indicated in Table 3. The test samples were tested for green strength 20 

by means of the standard ASTM B528-76 Transverse Rupture test Testing was conducted at a load 

rate of 0.05 inch per inch (1 .27 mm per 25.4 mm). 

Tables 3 through 7 contain data obtained from experimental testing of alloys listed in Table 2. 

Tables 4 through 7 present data obtained by similar testing as described above relating to Table 3. 
25 It will be noted in the data presented in Example 1 and other examples, herein presented, that as 25 

a given powder is milled finer, the green strength of the compacted powder increases, it will also be 

noted that as the sinterbonding temperature is increased the green strength increases up to a 

temperature at which the "soft" metal is sufficiently alloyed to lose its ductility. 

The significance of the "apparent particle growth" as shown in these data, is primarily to judge 
30 the degree of sinterbonding with any given alloy composition, milled size and elemental metal addition. 30 

Although an empirical number, it has been found that a given alloy milled to the same size and 

sinterbonded the same, will exhibit reasonably reproducible particle growth and green strength. It is, 

therefore, a useful process control data point. 

It will be obvious to those skilled in the art, that the selection of powder processing parameters 
35 must include the desired sintering characteristics of the powder as well as the desired green strength 35 

level for the handling of the parts produced. The data in the Tables provides a basis for such 

parameters. 

Other modifications within the scope of this invention may include a large variety of alloys. For 
example, copper base alloys or copper containing alloys may use copper powder as the "soft" metal. 

40 Tables 5 and 6 additionally have data obtained from tests wherein 1 0 and 1 5% of the "soft" 40 
metal (Cobalt) was withheld from the initial powder then added at the blending steps. These data tend 
to show that higher portions of "soft" metal blended into the powders provide higher strengths when 
higher strengths are desirable. 

These data further suggests the effective range of "soft" metal portion may vary from 1% up to 

45* the maximum content of that metal in the final alloy. Because of the higher costs of "pure" metals, 45 
economics, of course, suggest an upper limit of about 25% as an effective amount Thus, the broad 
range is 1% to the maximum content of the "soft" metal. A preferred range is 1% to 25%. Of course, it 
is understood that the actual effective content depends upon several possible conditions for example 1 ) 
the composition of the alloy, 2) the sinterability of the alloy, 3) the effectiveness of the "soft" metal, 4) 

50 the choice of "soft" metal depending upon availability, costs and other considerations. 50 
After the crushing step, the metal powder of this invention is suitable as a powder for use in 
metal coating operations such as plasma spray processing. The deposition of the powder on a 
substrate constitutes the compaction step. 



GB 2 074 609 A 



10 



15 



Compactability 30 TSI 
(Green Density %) 50 TSI 
70 TSI 
Hall Flow, seconds/50G 
Green Strength: 50 TSI 

Sinterability: 



Sintered Properties 
Density: % 
Hardness Rc** 
R.T. Tensile, KSI W 
Transverse Rupture KSI 



Table 1 
Property Comparison 
N . 208 and 208P Powders 

No. 208P Powder 
59.5 
63.6 
66.2 
WNF» 
300—800 PSI 
(21090— 56240 g/cm 2 ) 
2170— 2260°F 
(1188— 1237°C) 



97.0—97.5 
48—50 
68.7 
120.8 



•WNF— Will not flow 
**Rc— Rockwell "C" scale 
20 ***RT. Tensile, KSI — room temperature tensile strength, 
1 000 psi— (70,300 g/cm 2 ) 



No. 208 Powder 
63.4 
68.9 
72.4 
35—38 
700—1200 PSI 
(49210— 34360 g/cm 2 ) 
2170— 2260°F 
(1188— 1237°C) 



97.5—98.5 
48—50 
87.4 
130.7 



10 



15 



20 



5 



GB 2 074 609 A 5 



3 



8 



to 



10 



Or-*"© 
CS| r- «~ 



T- O — 

• ^- oo 

^ CO CO 

CM 



CO 



"4 



lO 

* I" * | * 

to 



co «- 

O CO CD 
00 



id 



O) o 00 ^ 



r- O CO 

^ CM 



at 



w ^ ^ 

ot It 0 ? 



co cm 



o> cm co eg 



CO < 

cm oi 



^ r 1 1 



to oo 

CO T ~ 



5* 



° ° r 1 .JL 



«- o «- co co 

CO CO CO CO CM CM 



CO CO CO CO CM CM 

|< 2o I | I I I I 

■St © i^ior^cocoio 

CM CM CM CM CM CM 



.O if. cp 

^5 5 



a 

E 
o 
a 



CM ID 

10 1 I r ; 

CO CO 



1^ CO 
CO 



co S 

.O CO 

o 



co 



lo 
d 



22 



CM*- *~ 



O LO ■ - 
0)00)N 



gcMqcq 



22 



c5 *-oa> 
c\ r- cm 



9 10 o u> 
O lo ^ ~f 

O) o 10 ^ 



CM O CM 
2 O) CM 

2? ° |s * 
I s * CO «- 
CM 



co5« 



CO 

Z; CO CO 

^ CM CD 
ID 



co o 
o ^ co 

CO CO CO 
CD 



LO 
CM 



LO 
CO 



CO CO ca I 
lO 



* * CD 



22*- 



^ CO 
CO o «- 
CD CM CD 

o 

LO 



LO 

O LO I "w 75 CO 1 
O * I CO CO * 
O 



CO 



*5 CO CO CO CO CO CO 
< CO CO * * * CO 



3 

a 
E 



CD 

•o 



S Eg 

<<o«-cocor^co 3 "~ 

\ >r-ooooo E S 

oZr-"iocM x c 

X CO 
* CO 



CO 

2 _c 

CL » ^ 

5 "° * 



co co 

I Ll. 



c 

CD 

E 
.© 
ut 



-o *o 

OQ Z 



3. 



co Q- 

© E 

CD *~ 

a a> 

e s 

- 1 

CD O 

.5 CD 

o r 

CO 



S | ffl 
LE -S cm 

CD 



CO 



~ co 

nt CD 



- S CD CO C 
CD c P 

-— g » £ 



3 C 
^ CO 



a. QW 
© 5 E £ E 

o 

LO 



6 



GB 2 074 609 A 6 



C\| r- <- 



o 

o *o ^ 

CO CO 



CM »- — 



o 

NO00 
CD CO CM 



. CM CM 

^ corC 

CO 



CM 



o O 05 cm 



o>o§ 

0>g§ 
CO 



co 
in 

CO 



to 



to 

^ O CO 

co io CO 

CD "* 

CO 



CO JO oo^ 



"? O CO 
CO CO IO 
CD CO CO 
CD 



gcM^cq 

gCO CO r- 

CO 



S3| 



CM «- 



O m CM 

" io 

CO 



S to CO 
cm — 



^ O CM 

co co 

CD ^ CO 
CM 



^ 1^ 

CO GO 
CO 



1^ 

GO 



9 10 id co 

O IO - . 



2*5 



03 



co co 

CO 1^" 
CO 



CD 



o io o CO 
O io • - 



CD CD CD 
CO IO ID ID CO O IO 
CO CO CO IO CO CM IO 
CD CO ^ ^ ^- IO CO 

CM CO CO 



=2^ tod 
< co^ 



CO S ° ^ 



O CO 



q i— O CO 

CM ^ CM 



O m co io 
Q 10 X; Z; 

a CO CO 



IO CD 

co r: cm 

CO CO I s * 
LO 



CO 



coO? 



o ^ o 

OqO 



s 

s 

ing 

xic© 
coo 

I * 1 

< 00*- 



o 

CO 



§ CM COCO 
CO cOt- 



S co o 

CM r- *~ 



O) o ^ ® 



CM io o 
oo i^ co 

CD «- CM 



ID 

CM o O 
oo to CO 
coco <* 

CM 



-i. co 
^ O CO 
CO CM 
CO CM IO 



§ CM O CO 

co 2 co" cm" 
S 



I s : o o 

CO oo CO 
CO CO I s * 



§ CM CO CD 

coSgdcM 



co 

CO I" 
CD *~ O 



c 

CD 

e 

LU 



r 

CD 

a 
o 

D_ "to 

5 "O CD 
Q. CO » 

CD 



in 

5 CD 

^ o 

CO Z 



CD t 
♦3 CD 

* if 



T3 ^ 

-s - 

i-cr 

■e cm 

CD 
-♦-» 

c 
CO 



Jtf 

s 

o 

_CD 

3- to 

• °- 

CD C0 

-c a 

CO Q. 



« E 



CD 

T3 CD 

CD W C 

+* r © 

c c c 

5 CD CD 

(3 £ £ 



o 

ID 



CD 

E 

CD 



CD 

a. 
o 



Q. 

p 



5 

IO 



T3 

o 



CO w 



CD 
N 
CO 

■»-' u. 

> Jlj <D 

TJ 1 i2 
CD S U_ 
T3 O 
C £L 
® o 
m a 



a 

E 

CD 
+"» 

CD 

c 

x? . 

c 

o 

•e 

CD 



00 

CO 
iJ 

x: 

CM 



5 

E 

CO 

_© 

=3.15 
©a- 

2 i 

CD CO 
-C O. 

(0 Q. 

iT < 



CO 

t; 

CD 
D. 

a 
■a 

CD 
+-» 

a 

CO 
D_ 

E 
o 



E 

o 

CO \ 

+1 CD 
CO c 
C CD 

m *— 



o 
o 



"D CO 

c c 

CD CD 

CD CD 



o 
o 



CO 



o 

IO 



7 



GB 2 074 609 A 7 



oo 



00 CO 

oo 

CD 



CO 
CD 



to CO 
CD CO 
CO 



00 



a 

o 
.9 

■OCO 
1—1- 

>* COCM 



00 
00 



o ^- *- 

CM *~ 



O ID oo ^ 
O LO * ■ 
O) O °> w 



SoJ-: 00 

CO S 00 r- 



g^COCN 

C\J T- 



COOOCM 



O^cqiD 
g00o>t- 



CM «=t 



C\| *~ 



o in ~J 

O) o ^ 00 



S cm q CM 
§«-cm 



to oo r** 
co ^ co 

CO 



« 10 
oq o o 

lO ID CO 
CO CO ^ 
CM 



10 

to m LO 
co cm r-o 



oo 

co o o 

CD CO CO 

co co m 

CM 



in oo tn 

co o r** O CO ID CM 
co in in co co co r- 

co cm *fr CM ID «- 
CO tfr 



CD CD CO 

co <- 



CD 

00 <fr 



o 



CM 

00 ID 
CO 



ID 



_ CO 

co o CO 
(D ^ 
CD CO 

CM 



CO 

*T O CD 
1^ CM ^* 
CO CM ID 



<Ro$ 



CO 

a 

© 
©I- 

■or* 
.CD oo 
Hid 



o"^ coco 

< CO 



q 



2000 
(1111) 
7.4 
3.4 


65.1 
830 
(58349) 


1900 
(1055) 
5.9 
1.9 


65.7 
840 
(59052) 


1800 
(982) 
5.2 
1.2 


66.0 
630 
(44289) 


2000 
(1111) 
8.5 
3.1 


65.8 
570 
(40071) 


1900 
(1055) 
7.1 
1.7 


66.4 
650 
(45695) 


1800 
(982) 
6.5 
1.1 


66.4 
540 
(37962) 


2000 
(1111) 
10.4 
3.4 


66.1 
500 
(351.50) 


1900 
(1055) 
8.7 
1.7 


66.7 
490 
(34447) 


1800 
(982) 
8.1 
1.1 


66.7 
400 
(28120) 



to 

CO 



8.3? 



c 

CD 

E 

LU 

$ ID S 

o cNr 
a. co » 



■a 

CD 



5 

ID 

C D- 
© O 

oo a 



CO £ 
CD E 

CD ^ 

a. a> 

II 
» f I 

^ c i-i 
w o x 

El -9 cm 

CD 
00 



e 

_© 

o 

CO 

CD°- 

w © 
CD CO 

.c a 
eo a 
il < 



.£ ST 

£ E 

a> — o 

2 3? ^3 
>:£ 

© to c 

o £ S 



o 
a 



o 
a 



o 

LO 



o m 



CO 
CD 



5 
c 
a> 

E 

CD 



_ NO 6 s - 
^ 3 +■» 



<D 

0- » CD > 

® N LO 

CO ^ CO 



1 ^ CD 
g CM Jc 

CD 



5 (D X 

"O "§ « 

CD > LL 
T5 O 

2 CD 

m ll 



si 
%i 

|l 

> CD 

-s • 

§ - 

■e cm 

CD 

c 

00 



5 
S 

© 
u 

3- CD 



CD CD 

.c a 

CO Q. 

LE < 



E 

■5S.O 



CO 
CD 

r 

CD 

a 

e 

a. 

s gs 

£ OS 

c c c 

C CD CD 
O m m 
(J S £ 

o 

LO 



8 



GB 2 074 609 A 8 



Claims 

I . A m thod of making a metatlic compact from a substantially noncompactable metal powder, 
comprising the st ps of: providing a substantially noncompactabl metal powder, blending said 
powder with a softer metal-b aring powder, sinterbonding said bl nded p wders; crushing said 
sint rbondedpowd rs; and compacting said crushed powders. 

5 2. A method according to claim 1 wherein the softer metal-bearing powder comprises a portion 5 
of a metal providing the said noncompactable metal powder. 

3. A method according to claim 2 wherein the softer metal bearing powder Is within the range 1 
to 25% by weight of the total content of said metal in said noncompactable metal powder. 

4. A method according to claims 1 , 2 or 3 wherein the non-compactable metal powder Is Ynilled 

1 0 before blending with said softer metal-bearing powder. 1 0 

5. A method according to any one of claims 1 to 4 wherein the metallic compact is a 
superalloy. 

6. A method according to any one of claims 1 to 5 wherein the softer metal bearing powder is 
iron, cobalt, nickel or a mixture thereof. 

15 7. A method according to claim 6 wherein the softer metal bearing powder is iron carbonyl, 1 5 

cobalt carbonyl or nickel carbonyl. 

8. A method according to any one of claims 1 to 7 wherein said substantially noncompactable 
metal powder is a prealloyed powder, and including the step of atomizing said powder from a melt 
thereof. 

20 9. A method according to any one of claims 1 to 8 wherein the sinterbonding step is conducted in 20 
an inert atmosphere at about 1 093°C for about 2 hours. 

1 0. A method of making a metallic compact from a substantially noncompactable metal powder 
substantially as herein described with reference to Example 1 alloy 208 and examples of table 2. 

I I . Metal powder made from a method comprising the steps of providing a substantially 

25 noncompactable metal powder; blending said powder with a softer metal bearing powder 25 
sinterbonding said blended powder; and crushing said sinterbonded powder. 

1 2. A metal powder according to claim 1 1 wherein the said noncompactable metal powder is 
milled before blending with said softer metal bearing powder. 

1 3. A metal powder according to claims 11 or 1 2 wherein the softer metal bearing powder 

30 comprises a portion of a metal providing the said noncompactable metal powder. 30 

1 4. A metal powder according to claims 1 1 , 1 2 or 1 3 consisting of, in weight percent, 9 — 1 1 
cobalt, 1 1 .5 — 1 3.5 iron, 25 — 27 chromium, 9 — 1 1 molybdenum, 9 — 1 1 tungsten, 2.1 — 2.7 carbon, 
up to 1 silicon, up to .75 manganese, up to 1 boron and the balance nickel and incidental impurities. 

1 5. A metal powder according to claims 1 1 , 1 2 or 1 3 consisting of in weight percent chromium 

35 29 to 33, tungsten 1 1 to 1 4, carbon 2 to 2.7, iron and nickel up to 3 each, silicon, manganese and 35 
boron up to 1 each and the balance cobalt and incidental impurities. 

1 6. A metal powder according to claims 1 1 , 12 or 13 consisting of, in weight percent, chromium, 
23 to 26, molybdenum 1 5 to 1 7, carbon 2.6 to 3.1 boron .5 to .75, up to 0.5 manganese, nickel and 
cobalt up to 3 each and the balance iron plus incidental impurities. 

40 1 7. A method of making a metallic compact from a substantially noncompactable metal powder 40 

substantially as herein described with reference to example 1 alloy 208 and alloys 711,1 06, 103 and 
587. 
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